bridge. Subsequently, two 15 mm Mark II Brånemark regular platform fi xtures were inserted in 1999 under a local anaesthetic using a traditional two stage procedure. In January 2000 two 17º angulated abutments ( Fig. 1 ) (Nobel Biocare UK Ltd, Nobel House, The Grand Union Office, Packet Boat Lane, Uxbridge UB8 2GH, UK) were placed and a two unit porcelain fused to metal restoration inserted a month later. The bridge con formed to the existing canine-guided occlusion with posterior disocclusion in protrusion. It was retained with gold slot ted screws inserted at 10 Ncm torque.
Regular standard reviews were une ventful until June 2005, when prosthetic screw loosening was noted but no prob lems were detected with the abutments. At this time the original prosthetic screws were replaced with titanium 'Torquetite' screws (Nobel Biocare UK Ltd, Nobel House, The Grand Union Offi ce, Packet Boat Lane, Uxbridge UB8 2GH, UK) at the recommended increased insertion torque of 15 Ncm. Unfortunately, the patient presented four months later com plaining of bridge loosening.
The prosthesis was removed again when it was observed on this occasion that the distal fixture (27) had fractured at the alveolar bone margin with the abutment screw still intact within the abutment (Fig. 2) .
On inspection, the cross-sectional sur face of the fractured fi xture appeared homogenous with no obvious gross voids or other signs of manufacturing imper fections. There were however a number of obvious cracks across its diameter.
As an immediate measure, an acrylic bridge retained by temporary cylinders was provided, with canine guidance, posterior disocclusion in protrusion and light contacts in intercuspal posi tion (ICP); the latter being coincidental with retruded contact position (RCP). No attempt was made to engage the tem porary cylinder on the fractured implant surface at this stage.
An intra-oral peri-apical radiograph (Fig. 3 ) obtained at this time showed no change in bone levels at the non-fractured fixture (26) . However, there appeared to be further bone loss associated with the fractured implant (27) .
At this stage the following manage ment options were considered and dis cussed with the patient: 1. Accept the missing second molar, and provide a new single unit restoration to replace the first molar using the intact implant 2. Provide a replacement implant retained bridge supported by two fixtures, using the intact fixture and either:
• Remove and replace the fractured fi xture
• Salvage the fractured fi xture • Accept the fractured fi xture and insert a new implant more mesially, resulting in a cantilever two implant supported bridge design 3. Provide an implant retained bridge using the intact fi xture together with an additional two implants to provide a three fi xture supported restoration. This could be achieved by placing an additional fi xture together with either:
• Removal and replacement of the fractured fi xture • Salvaging the fractured fi xture.
A decision was made to salvage the fractured fixture and provide a three implant retained bridge by placing an additional implant between the existing two fi xtures.
As a result, under a local anaesthetic, the fractured fixture was exposed by a punch excision of the overlying mucosa. The fractured surface was then refaced to provide a flattened area at right angles to the long axis of the fi x ture so a connecting abutment would more easily locate. This recontouring was accomplished by use of the End mill Bur (Nobel Biocare UK Ltd, Nobel House, The Grand Union Offi ce, Packet Boat Lane, Uxbridge UB8 2GH, UK), which consists of cutting fl utes and a central guide pin for positioning in the fixture thread to ensure correct location of the cutting flutes. The bur was used with a slow speed of 20 revs. per minute and a 40 Ncm torque, with copious irrigation and lubrication (Fig.  4 ). An additional Brånemark, Mark IV, 15 mm long, wide platform fi xture with an enhanced titanium oxide sur face (Tiunite Nobel Biocare UK Ltd, Nobel House, The Grand Union Offi ce, Packet Boat Lane, Uxbridge UB8 2GH, UK) was placed off-centre, between the existing implants.
A customised abutment was also placed on the fractured fixture at this time. This latter component incorpo rated a 17º Multi-Unit abutment with a customisable gold prosthetic screw (Fig.  5) , which was shortened to an appro priate length. Beneath the abutment a customised cylindrical titanium con necting abutment was inserted which replaced the fractured portion of the fixture. This connecting abutment also had a TiUnite surface.
A 17º Multi-Unit abutment was placed on the implant in the first molar site and a straight 1 mm Multi-Unit abut ment on the more central wide platform fixture (Figs 6 and 7) .
Impressions were recorded with abut ment copings and an acrylic screw retained interim bridge inserted using temporary cylinders. The bridge conformed with the canine guided lateral excursions and had light contacts in ICP with posterior disoc clusion in protrusion.
A definitive bridge was subsequently fabricated from a milled titanium framework and inserted three months later (Fig. 8 ). This restoration copied the occlusal features of the temporary restoration. During the period between insertion of the temporary and defi ni tive restorations, no further complica tions were observed.
The patient has been followed-up reg ularly and no problems have developed.
DISCUSSION
The fracture of a dental implant is an uncommon occurrence with most stud ies reporting an incidence of between 0-1% in Brånemark fi xtures (Table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] An early study reported an incidence of 3.5% 1 but this may have been due to the inclusion of implants inserted whilst the technique was being developed and the longer maximum follow up period of 15 years. 1 Implant fracture occurs at all lev els of the fi xture, usually at around fi ve years after insertion, and with the major ity in the maxilla. 1 The literature also reports a 1.9 % fracture rate in 157 ITI implants (Straumann AG, Waldenburg, Switzerland) that were followed for up to two years after loading. 11 Case reports and case series of fractured ITI, 12, 13 and Core-Vent (Zimmer Dental, 1900 Aston Avenue, Carlsbad, CA 92008-7308.USA) fixtures also exist.
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POTENTIAL CAUSES OF IMPLANT FRACTURE
The main factors which may lead to a risk of implant fracture appear to be:
• Bending overload 16 • Manufacturing imperfections 8 • Restoration design 17 • Accuracy of fit of restoration 1 • Implant numbers, dimensions and positioning [17] [18] • Marginal bone loss 
Bending overload
Bending overload is defined as the load on an implant-supported prosthesis that exerts a bending moment on the fi x ture cross-section at the crestal bone level, leading to marginal bone loss and/or implant fatigue fracture. 16 Pre vious case series and reports, involving scanning electron micrograph (SEM) investigations of fractured implant sur faces, revealed fatigue striations 10, [20] [21] consistent with those obtained in vitro when implants were cyclically loaded to fracture. 20 This would suggest that bend ing overload and resultant fatigue fail ure is the usual mode of fracture of an implant. Some of the SEMs of the frac tured implant in this case had a similar appearance to those in previously reported cases (Fig. 9) .
Manufacturing imperfections
There are no reports of implant fractures due to manufacturing imperfections, with previously reported SEMs of frac tured implant surfaces failing to show any characteristic defects. 8, 10, 12, [20] [21] Similarly, the SEM of the fractured implant surface in this case revealed uniformity of the microstructure and a homogenous grain structure which would suggest an absence of any manu facturing error (Fig. 9 ).
Restoration design
Cantilever design bridges increase the stress upon an implant, and have been found to be associated with fractured implants (Table 2) . 8, 10, 17, 20, 22 Fractured fixtures also appear to occur more fre quently in single implant supported, single unit restorations (Table 2) . 10,17,12 14,22 Implant fractures associated with a combined dento-implant supported res toration have also been reported (Table  2) . 5, 15, 17, 21 The reports relating fractured implants to restoration design either are retrospective or this information has been missing, or are case reports. It is therefore unknown if the distribu tion of implant fractures, with regard to restoration type, is simply a refl ection of the cohorts investigated. However, from these reports it does appear frac tured implants in partially edentulous cases are often associated with can tilever, single tooth, or dento-implant supported restorations.
Although the bridge in this case was not of cantilever design, molar units are larger than the supporting fi xture platforms so some cantilever forces may have developed within the restoration. For this reason some clinicians advocate the placement of two fixtures for each molar unit replaced. 23 A decision was made to reduce the potential for a can tilever effect in the new restoration by placing an additional fi xture.
Accuracy of fi t of restoration
Previous studies have shown implant fracture in partially edentulous fi xed prostheses occurs with older, less pas sively fi tting prostheses. 1, [24] [25] [26] A non-pas sive fit can also lead to screw loosening (Table 2) . 4, 8, 10, 17, 21 Although this patient's original bridge appeared clinically acceptable, it was constructed using a cast metal frame work which may have increased the risk of a less than optimum fit. In addi tion screw loosening had been observed immediately prior to the implant frac turing. However screw loosening has been reported in 5-25% of patients dur ing routine implant review. 4, 27 As such this is not, by itself, necessarily a sign of impending implant fracture. However, if it does occur the prostheses should be re-evaluated as well as other design and occlusal features. 28 It is anticipated that the new bridge, which was constructed from a milled titanium framework, provides a more accurately fitting prosthesis by elimi nating errors that may arise in the cast ing process. 29 The bridge was completed by veneering with composite rather than porcelain to avoid possible fi ring defor mation and also to make the restoration more serviceable in the future.
Implant numbers, dimensions and positioning
Theoretical models suggest the effects of loading on implant supported restora tions can be significantly reduced by the placement of additional implants, the use of wider platform fixtures and the avoidance of implants being positioned in a straight line. [17] [18] In previous reports, fixtures have fractured when a straight line arrangement of the implants has been adopted (Table 2) . 8, 17, 20 Therefore, in this case, a decision was made to sup port the new bridge with three implants rather than two, with the additional cen tral implant being a wide platform and positioned off centre in an attempt to improve load distribution (Fig. 6 ).
Marginal bone loss
Recently, figures for acceptable bone loss associated with fixtures of vari ous designs and loading protocols have been proposed. 30 However, in eden tulous arches, the mean acceptable maximum value for marginal bone loss around Brånemark Mark II implants restored following the original two stage 1, 31 Lekholm and co-workers reported a mean bone loss of 0.7 mm over a ten-year period in partially edentulous jaws. 3 In the case of this patient, the marginal bone level around the fractured fi xture was eventually up to the fifth thread, if both the removed and retained portions of the fractured fixture are considered. At the intact fixture (26) site, there was no change in marginal bone level since initial loading. At the latter site this was acceptable, whilst at the fracture site the amount of bone loss was excessive.
Increased marginal bone loss has also been associated with implant fractures (Table 2) . 8, 10, 12, 14, 17, [20] [21] In the 15-year study by Adell et al. in 1981 , fi xtures that had rapid bone loss of approxi mately 3 mm a year all presented with eventual mechanical complications such as screw, fixture and bridge fractures. 1 This would suggest that any rapid mar ginal bone loss should be investigated for possible mechanical complications, including fi xture fracture.
Increased marginal bone loss has also been associated with excessive loading and this may occur within a year of the problem being initiated. 4, 32 Typically, this is seen on radiographs, as a crater-like pattern of bone loss around the fi xture. 33 In this case, until the time of fracture, there had been no evidence of excessive bone loss at any of the implant sites.
However, it is unclear whether mar ginal bone loss is a cause or an effect of implant fracture, or if they are both consequences of unfavourable loading. There is also the possibility that when an implant begins to fracture, it becomes secondarily infected which causes the accelerated marginal bone loss.
Whatever the explanation, any sig nificant bone loss at the crestal level increases the unsupported coronal length of the implant, increasing the crown to implant ratio, resulting in the fi xture becoming more at risk to bending forces.
Where excessive bone loss has occurred, the weaker hollow portion of the implant, apical to the abutment screw may become the fulcrum for the loading. This area is obviously weaker and as such, at this stage the implant may become particularly vulnerable to fracture. 20, 22 This may particularly be the case in fixtures whose design fea tures incorporate a significant void in this region. [12] [13] [14] Histological analysis of fractured implant portions retained in bone reveal a high degree of osseointegration in the retained portion, apical to marginal bone levels. 12, 15 In this case, radiographic examination of the retained portion showed close apposition of bone around the implant periphery, apical to the marginal bone level, indicating a high degree of osseointegration.
Occlusion and parafunctional habits
Implant fracture has been associated with parafunction but there is no sig nifi cant scientific evidence to sup port this increased risk (Table 2) . 8, 12, 17 Although the patient reported no his tory of parafunction, and there were no clinical signs suggesting any habit, parafunction can not be eliminated as a contributory factor. The patient reported that his natural upper left molars had been extracted since they were heavily broken down and this may have been a consequence of parafunction. The patient was also in a high stress profes sion which may also have contributed to the problem.
During the new reconstruction, how ever, care was taken to avoid exces sive occlusal forces by ensuring that all restorations achieved light contacts in ICP with canine guidance and disocclu sion on protrusion and excursions. The staggered placement of three implants, with the additional implant being wide platform, also potentially distributed the occlusal loads more favourably. An acrylic occlusal splint has also been pro vided for night time wear.
Chemical factors
Titanium implant components adsorb hydrogen in the biological environ ment and it has been suggested that this makes them more brittle and prone to fatigue. 19 A further case report of a fractured titanium implant supporting a nickel-chromium-molybdenum alloy restoration, suggested cytotoxic nickel ions may have accelerated bone resorp tion. The authors suggested that this resulted in the implant becoming more prone to bending and fatigue fracture. 13 However, there is currently little addi tional evidence to support these sugges tions as major contributors to implant fracture.
Planning considerations
A decision was made to retain the frac tured implant as a significant length of fixture had maintained osseointegration and its removal would have resulted in bone loss. Furthermore, there is a possi bility that any replacement fi xture may not have integrated.
Salvaging a fractured dental implant is not always feasible. In this case the fracture level was favourable, with suf ficient screw threads available in the retained portion to locate the Endmill bur's guide pin and to secure an abut ment screw. If this had not been the case then retaining the fractured fi xture as a viable functioning unit would not have been possible.
CONCLUSION
Dental implants are a predictable method of replacing missing teeth. When com plications occur, consideration should be given to potential causes and how they can be overcome.
Implant fracture is a rare cause of failure but when it does occur it can present signifi cant treatment planning and technical challenges. When con sidering remedial treatment following a fracture consideration should be given to the implant numbers, their design and features as well as their position. In addition the design of any restoration should aim to reduce unfavourable load ing, particularly cantilever forces and ensuring a passively fi tting framework.
